Although several recent studies have shown how high voltage transmission (HVT) lines affect property values, no work has been undertaken in Zambia. This paper explores if there is a prima facie relationship between HVT lines and residential property values in Zambia. A priori evidence shows a paradox, with many new developments springing up in areas of high concentrations of HVT lines though residents vehemently complain about the mal-effects of HVT lines. Why then should land perceived to be inferior or "stigmatized" attract new developments? It is against this background that the householders' perceptions of HVT lines are explored and the resulting effects on property values ascertained. A household survey was conducted in the Chalala, Libala South and Kamwala South areas of Lusaka city where developments have been undertaken around HVT Lines. The study also examined the statistical relationship of distances from HVT line with residential property values. Results show residential property values rise with increasing distance from the HVT line. It is recommended that the statutory wayleave distances should be raised to at-least 100 meters from the existing 31 meters for a 132kV line. It is further recommended that the regional wayleave guidelines currently in use should be made national.
Introduction
Traditionally, close distance to high voltage transmission lines has been associated with health and safety hazards (PRIESTLEY, EVANS 1990 ) such as: cardiovascular, digestive and central nervous system related diseases, leukemia in children, carcinogenesis, and cancer (see KHIZAR 1997 , HARDELL et al. 1995 . These associations, however, remain uncontested in this paper, as it is the effects on marketability of property arising from public perceptions (RICS 2003) of such lines that form the subject of this paper. Buyer (and tenant) dispositions towards the health & safety risks and visual impacts of the HVT lines (HAMILTON, SCHWANN 1995) negatively affect property values (CALLANAN 2010) . In fact, according to a Wayleave Report (ZESCO 2012) , there has been an increase in the number of complaints on the perceived effects of HVT lines on the future values of residential properties in Lusaka. An empirical investigation thus becomes essential.
Similar studies can potentially benefit electrical companies in their HVT line routing plans (BOND, HOPKINS 2000) and in formulating wayleave guidelines. In the absence of objective wayleave guidelines, utility companies are drawn into expensive lawsuits. BOLTON provides an elaborate write-up on some legal implications of ambiguity in the wayleave guidelines (refer to some American cases, viz., San Diego Gas and Electric Co. v. Daley, Houston Lighting and Power Co. v. Klein Independent School District, Criscuola v. Power Authority of the State of New York, Ryan v. Kansas Power and Light Co. (BOLTON 1993) . It is against this background that the paper seeks to explore the householders' perceptions of HVT lines on property values using a survey of residents in Chalala, Libala South and Kamwala South areas of Lusaka City.
Literature review
A cursory glance at literature shows diverse buyer (and tenant) perceptions of HVT lines. In some instances, financial concerns (e.g., difficulty obtaining a mortgage) and health & safety risks (such as the perils of falling wires) are intrinsically linked with falling property values. Several early works, such as WERTHEIMER, LEEPER 1979; COLWELL, FOLEY 1979; SAVITZ et.al. 1988 , KINNARD 1967 and CHALMERS, VOORVAART 2009 , have sought to understand how HVT lines affect the health of occupants and thereon property values. A more thorough investigation using regression analysis on property specific characteristics and HVT line variables showed a negative impact on value (SIMS 2005) . Houses within 50 meters of a pylon suffered the greatest loss in value, i.e. £14,538.88 compared to a paltry loss of £1,817.36 for a house situated 400 meters away.
KUNG and SEAGLE stated that "there are two ways in which power transmission lines may adversely affect property values or marketability" (KUNG, SEAGLE 1992) . Firstly, HVT installations being easily noticeable are likely to raise anxiety in nearby communities (MITTENESS, MOONEY 1998) . Secondly, the perceived association between being around HVT lines and the emergence of some adverse health effect precludes several buyers from participating in the market (DENT, SIMS 1999; GALLIMORE, JAYNE 1997; JAYNE 2000) thereby leading to "a decrease in demand for properties located near transmission lines" (KUNG, SEAGLE 1992) . On the other hand, ROSIERS finds that being adjacent to a transmission line corridor does not necessarily diminish property values (ROSIERS 2002) . In fact, a rise of 7% to 22% for the enlarged visual field and increased intimacy that goes along with it were discovered (ROSIERS 2002) . These findings are consistent with those of SAINT-LAURENT 1996. KINNARD et al. find no apparent price changes after a media coverage of EMF-induced health hazards in 1992 (KINNARD et al. 1997) . BOTTEMILLER and WOLVERTON found a minimal negative price effect (of 1.4% and 3.2%) in two housing markets within the United States of America (BOTTEMILLER, WOLVERTON 2003) .
A more recent study by AKINJARE et al. noted that residences within 0 to 50 meters suffered most in respect of rental value reduction, primarily from the fear of falling wires (AKINJARE et al. 2012) . The buzzing/humming sound from an HVT line also had some influence on the final values. Property values diminished by as much as 20% when 15 meters away from a pylon, dropping to 5% at 50 meters from the pylon (BOND, HOPKINS 2000) . Using the contingent valuation method (CVM), SERGIO et al. find that health risks of HVT lines are manifested in the visual impacts on landscape quality and the impact on the ecosystem (SERGIO et.al. 2010) . Willingness to pay (WTP) estimates were generated for each of these impacts, ranging from € 101 to € 188, per household. It is further established that a high level of education is statistically significant in the perceived risks. 
The Institutional and Legal Framework of Wayleaves in Zambia
The principal legislations used in guiding and planning electrical installations include the Electricity Act of 1995 and the Energy Regulations Act of 1995; Local Government Act of 1991, the Urban and Regional Planning Act No. 3 of 2015, the Public Health Act Cap 295 of 1972, the Environmental Management Act No. 12 of 2011, Lands Act of 1995, and the Lands Acquisition Act of 1970-all of the laws of Zambia.
The Lands (Statutory Wayleaves) Act 1963 and the Electricity Act No. 15 1995, although they give no actual width indications, they provide for the acquisition of rights of ways. Acquisition of land for the purpose of electricity generation, transmission and distribution is governed by the Electricity www.degruyter.com/view/j/remav vol. 27, no. 3, 2019
(Amendment) Act Chapter 433 Part III (GRZ 1995a). Compensation is payable for land acquired for electricity generation and distribution. However, no compensation is payable for placing electricity installations such as high voltage transmission lines (HVT line) close to properties (GRZ 1995a).
The land allocation, approval of the transmission line proposals and registration is done by the Ministry of Lands, Deeds Registry Office (GRZ 1995b), once a relevant local authority/council recommendation. The wayleave sizes range from 31 meters to 50 meters, based on the voltages in the transmission lines (which vary between 66 kV and 330 kV) (SAPP Environmental Sub-Committee 2010). (2010).
In addition to the wayleave, the local authority has, in the past, planned residential areas in consultation with the Zambia Electricity Supply Corporation (now known as ZESCO) Limited keeping a buffer zone between residential properties and the transmission lines -a wayleave (LUSAKA CITY COUNCIL 2010).
Data and methods
Empirical data was acquired from a survey of households in Libala South, Kamwala South and Chalala areas of Lusaka where a 132 kV HVT line passes. The three residential areas (Kamwala South, Libala South and Chalala) are amongst the recently planned residential neighborhoods in Lusaka with modern structures.
The wayleave passing through these areas comprises three 132 kV HVT lines on towers (at 25 meters between parallel lines and 15 meters at both ends); and one 66 kV overhead power line on wooden poles. The wayleave size for a single 132kV HVT line is 31 meters, i.e., 15 meters on either side of the towers and 1 meter around the tower structure. The power lines come from Leopards Hill Substation passing through Chalala to Lusaka Water Works Substation in Libala South and then cross Kamwala South to join Coventry Substation in the Central Business District of Lusaka (Map 1). cohorts, viz., 32 to 50 m; 51 to 100 m; and 101 to 200 m. In-depth interviews were also conducted with 10 real estate professionals (comprising of valuation surveyors, estate agents, property managers and property developers); and 5 officials (policy-makers and regulators) drawn from the Lusaka City Council and ZESCO Limited (Table 3) .
Households were selected using the simple random sampling method but under the condition that property values were available for the selected unit of inquiry. In cases where property value data was not available, the field assistant systematically moved on to an adjacent property.
As for real estate professionals, only those that are registered with ZESCO Limited were considered. on SCHEAFFER et.al. 1979 Source: own study.
The study explored the following hypothesis: Null Hypothesis (H 0 ): The householders' perceptions of high voltage transmission lines have no significant effect on the residential property values. And Alternate Hypothesis (H 1 ): The householders' perceptions of high voltage transmission lines have a significant effect on the residential property values.
Property value data was acquired from "For Sale" adverts published in the local newspapers, registered estate agents and property valuers, seeing as how there is no central database. A smaller part of the values came from the Lusaka City Council Supplementary Valuation Roll. All subject properties were carefully chosen, and were characterized by similar use and building materials. Structural attributes (such as the size, number of bedrooms, presence of a boundary wall and garage/car port) and the distance from the HVT line formed the independent variables in this study (Table 4 ). These variables were studied using a linear regression function as shown in Equation 1. SPSS was used during the data analysis stage. 
Results and discussion

General background of respondents and participants
Employment status of householders
The majority of the householders (66.3%) are employed. A further 32.7% of the respondents are selfemployed, whereas only 1.0% are unemployed (Table 5) . Source: own study.
Length of employment -real estate professionals
The real estate professionals consulted in this research have lengthy experience in the field of real estate and HVT lines. 40% of the interviewees had 10-15 years of experience and 20% had more than 15 years of experience (Table 6 ). Hence, these individuals are well placed to respond on technical questions. Source: own study.
Perceived effects of HVT lines
Amongst the perceived effects of HVT lines, safety concerns scored the most (42.2%). Householders had a fear of HVT cables breaking and falling onto their houses. However according to an in-depth interview with ZESCO Limited officials, the existing wayleave sizes are already large enough to account for any structural failures in the HVT lines and/or towers. Health concerns were next in the line-up, with 28.9% responses. A lesser number was associated with noise concerns (7.8%); most householders (76%), expressed an unwillingness to occupy property near HVT lines on account of these concerns. Householders close to the HVT lines, in particular, had a negative perception. Interestingly, such resentments have become apparent after 2000, when the internet and electronic media outreach expanded rapidly (in-depth interview with Lusaka City Council officials). Nonetheless, such inhibitions can affect the demand for property (and finally its values). In fact, many real estate professionals experienced alleged difficulties in selling properties near HVT lines. Source: own study.
Real estate professionals were largely polarized towards a combination of health & safety concerns and visual unattractiveness as the perceived effects on residential property values. Similarly, officials from Lusaka City Council and ZESCO Limited believed that the health & safety concerns and the visual unattractiveness of HVT lines played a major role in diminishing residential property values. The real estate professionals (and officials from Lusaka City and ZESCO Limited) could not, however, isolate any single dominant effect of HVT Lines. According to real estate professionals, residential property values decreased somewhere in the range of 0% to 5% as a result of a close-by HVT line.
Reduction in residential property values from nearby HVT lines
The regression results for the 104 properties showed a somewhat higher reduction, especially for properties located within 50 meters of HVT lines (i.e., 15.48% to 23.06%). The residential property values tend to rise from one distance cluster to the next, as shown in Table 8 . The 32 to 50 m cluster that is closest to the HVT line has the least mean property values (K386,532.14) and the furthest cluster (101 to 200 m) has the highest mean property value (K503036.54) ( Table 8 ). The largest fall in property values (23.06%) is found in the first distance cluster, i.e. 32 to 50 m, which progressively drops to 15.48% in the next distance cluster, i.e. 51 to 100 m. Source: own study.
In order to ascertain if changes in the property values from one distance cluster to the next hold true for the population, an independent samples T-test was applied. And, in testing if the population means of the three distance clusters (32 to 50 m; 51 to 100 m; 101 to 200 m) are different with respect to property values, we find that, in each case, the significance level is less than 0.05 (Table 9 ), suggesting that the population means are different for the three distance clusters. As part of the study hypothesis testing process (using multiple regression analysis), the adjusted R Squared was generated and found to be high (0.6531), suggesting that the five study variables are collectively a good predictor. However, when the variable for distance from HVT lines is removed, the regression shows a weak adjusted R Squared of 0.398 implying that the presence of nearby HVT lines does not affect residential property values.
The HVT line has a positive standardized coefficient of 0.513 (Table 10 ) (or 1,553.46 unstandardized) implying, ceteris paribus that the residential property values increase by K1, 553.46 for every meter of distance away from an HVT line. Arguably, a property 200 meters away from an HVT line will be K310,692 more valuable (or 61.8% above the average residential property value in the study area)! These findings are consistent with SIMS, DENT 2005. Any increase in the permitted wayleave sizes could substantially improve perceptions of people and hence, property values. In fact, most real estate professionals felt that the existing wayleave sizes were too small. Lusaka City Council and ZESCO Limited officials expressed similar sentiments. Source: own study.
In testing the study hypothesis, a t-test was conducted on the slope coefficient of the "Distance_HVT" (distance from HVT lines) variable. At a 95% confidence (α = 5%), the calculated tstat of 8.593 is higher than the critical value of 1.984. Thus, the null hypothesis (H 0 ) is rejected in favor www.degruyter.com/view/j/remav vol. 27, no. 3, 2019 of the alternate hypothesis (H 1 ), implying that: "householders" perceptions regarding high voltage transmission lines have a significant effect on residential property values.
Challenges in creating and managing wayleaves and buffer zones
It was revealed during in-depth interviews that, besides paying attention to wayleave sizes, the Council ought to collaboratively plan for buffer zones between HVT lines and residential properties, as was the case in the past. Lusaka City Council officials further stated that the two organizations should liaise not only in planning, but also monitoring, controlling and regulating developments in areas where HVT lines traversed over residential properties, and that the use of a mutually operated GIS platform was apt for these purposes.
Many challenges emerged from the in-depth interviews. Physical standards, regulations, guidelines and planning policies were oftentimes compromised in the drive for creating more residential plots. Noticeably, many individuals encroached into areas earmarked for buffer zones. The wayleave guidelines currently in use are from the Southern African Power Pool (SAPP) with absolutely no specific consideration of the local planning conditions.
Conclusion and Recommendations
Literature shows diverse perceptions of HVT lines on residential property values. In some instances, a positive effect is noticeable (see ROSIERS 2002) while in others, a negative effect has been found (see SIMS 2005) . However, in Zambia, the effects of HVT lines on residential property values have remained unclear. This study therefore sought to use the cases of Chalala, Libala South and Kamwala South residential areas of Lusaka City (where a 132kV HVT Line passes through) to investigate how HVT lines affect property values. The findings from this research are twofold, pertaining to: the householders' perceptions of the effects of HVT lines and the empirical relationship between the distance from HVT lines and property values. A number of inferences can be made: firstly, safety concerns are the principal perceived effect of HVT lines; secondly these effects have a statistically significant relationship with residential property values. Residential properties, particularly those within 50m of HVT lines, are most affected with a progressively lower effect as distance rises.
It is recommended that the power utility company (ZESCO Limited) should, in partnership with the local authority (Lusaka City Council), develop a common GIS Mapping database that shows existing and future transmission line development plans. This will assist in planning residential areas with minimal effects from HVT lines. The council should also create buffer zones between the wayleaves and the nearest residential properties.
In reviewing the wayleave sizes, the two above-mentioned organizations should collaborate in identifying optimum wayleave sizes based on anticipated value impacts (and not just the falling distance of towers). Based on the study findings, a minimum distance of 100m for a 132kV line is proposed. Finally, the wayleave regulations and general guidelines for transmission line infrastructure should become nationwide, paying particular attention to the local planning conditions.
